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It is well known that torsion induced magnetic ﬁelds may seed galactic dynamos, but the price one
pays for that is the conformal and gauge invariance breaks and a tiny photon mass. More recently
I have shown [L.C. Garcia de Andrade, Phys. Lett. B 468 (2011) 28] that magnetic ﬁelds decay in a gauge
invariant non-minimal coupling theory of torsion is slow down, which would allow for dynamo action to
take place. In this Letter, by adding a parity violation term of the type Rμνρσ μνρσ to the non-coupling
term, a magnetic dynamo equation is obtained. From dynamo equation it is shown that torsion terms
only appear in the dynamo equation when diffusion in the cosmic plasma is present. Torsion breaks the
homogeneity of the magnetic ﬁeld in the universe. Since Zeldovich anti-dynamo theorem assumes that
the spacetime should be totally ﬂat, torsion is responsible for violation of anti-dynamo theorem in 2D
spatial dimensions. Contrary to previous results torsion induced primordial magnetic ﬁelds cannot seed
galactic dynamos since from torsion and diffusion coeﬃcient the decaying time of the magnetic ﬁeld is
106 yrs, which is much shorter than the galaxy age.
© 2012 Published by Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
One of the most important problems in galactic dynamo the-
ory is the following [1]: “What is the correct formulation of dy-
namo theory”. Actually this is an old issue to which great at-
tention was given by astronomers and cosmologists [2–4]. Earlier
Turner and Widrow [5] have proposed several Lagrangean theo-
ries in pseudo-Riemannian spacetime to generate primordial mag-
netic ﬁelds which could seed galactic dynamos. Three types of
non-minimal coupling Lagrangeans were used: The ﬁrst were the
conformally broken ones. The second breaks the gauge invariance
and a tiny photon mass were used. The third considers the axion
photon couplings. Unfortunately in most of these theories the seed
ﬁelds were not strong enough to seed galactic dynamos. Actually in
one of those models primordial magnetic ﬁelds as weak as 10−65G
are achieved. Following Turner and Widrow attempts, Garcia de
Andrade and Sivaram [6] presented a massive photon-torsion cou-
pling where the magnetic ﬁelds produced were able to seed galac-
tic dynamos breaking conformal and gauge symmetries and intro-
ducing a tiny massive photon. De Sabbata and Sivaram [7] on CP
violation on a torsion background by considering the meson K or
Kaons matter–antimatter asymmetry, where isospin replaces spin
dominated universe in Einstein–Cartan gravity. Yet more recently
Garcia de Andrade [8] has investigated torsion bounds for CP dy-
namo violation, where torsion was given by axion gradients [9]
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lation [10]. In this Letter we investigate another type of torsion
theory presenting a symmetry violation called parity (P) violation.
This violation connected to gravity was ﬁrst given by Majundar and
SenGupta [11] where gravity was given solely by a torsion back-
ground. Non-minimal photon-torsion coupling has led to physical
interesting implications as for example birefringence on a torsion
background with dynamos [12]. Non-minimal coupling has been
also used in the context of generalised Maxwell equations en-
dowed with torsion by Rubilar et al. [13]. Galactic dynamo seeds
in torsion gravity has also been investigated by Garcia de An-
drade [4]. In this Letter magnetic ﬁeld is shown to decay slower
and this can give more time for dynamo action to take place. Pre-
viously Campanelli et al. [14] have obtained from CP violation,
α2-dynamo terms dominance however not including torsion and
just general relativistic cosmology. Implications to dynamo theory
in this gravitational background are also discussed. Dynamo equa-
tion is derived from P violation modiﬁed Lagrangean. The main
result of present Letter, is that despite diffusion is an important in-
gredient for the dynamo, and torsion actually enhances diffusion in
our example, it is unfortunately, not strong enough, as in the early
universe, to seed galactic dynamos. This is simply shown by the
fact that from dynamo equation on a torsion background the decay
time of the torsion induced magnetic ﬁeld is much shorter than
the galaxy age. Previously dynamo theory in Riemannian space-
time has been addressed by Sokoloff [15] in the realm of spaces of
negative curvature and Marklund and Clarkson [16] in the realm of
general relativity. As in the GR dynamo case, where Ricci curvature
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is torsion. Kostelecky et al. [10] placed bounds on spacetime axial
torsion, in the analogous way we place bounds on torsion via tor-
sion trace of LV and on CP violation dynamos. More stringent limits
on torsion are obtained using polarisation of radio-galaxies, as has
been shown recently [12]. It might be possible that galactic dy-
namo seeds can be induced by torsion Einstein–Cartan inﬂationary
cosmology [18] in analogy as Ratra [17] has done by investigat-
ing primordial magnetic ﬁelds in inﬂationary Brans–Dicke. Actually
even if torsion slows the decay of the magnetic ﬁeld, this effect
is not enough to give more time for the galactic dynamo to take
place. The Letter is organised as follows: In Section 2 we consider
the parity non-violation of torsion gravity in linearised and con-
tains the derivation of the dynamo equation. In Section 3 proof
that anti-dynamo Zeldovich theorem [18] is violated is presented.
Section 4 shows that galactic dynamo primordial magnetic seeds
cannot be obtained. Conclusions and discussions are presented in
Section 5.
2. Parity non-violation in torsion linearised gravity and dynamo
equation
Since the torsion effects are highly suppressed in comparison
with curvature effects of Einstein gravity, to better display torsion
effects, in this Letter second order effects on torsion are neglected
in the electrodynamics and curvature expressions. This also take
into account the fact that unless we are in the very early universe,
or inside star cores where torsion effects might be very strong,
torsion squared is too weak. Only locally spacetime is endowed
with contortion and Minkowski ﬂat metric is considered. The non-
minimal photon-torsion coupling given previously by De Sabbata
and Gasperini [19] couples with curvature besides the parity vio-
lation term above as in the Lagrangean
S =
∫
d4x (−g) 12
[(
−1
4
Fμν Fμν + Rμνρσ μνρσ
+ Rμνρσ Fμν Fρσ
)
+ jμAμ
]
(1)
Here external current jμ where (μ = 0,1,2,3), and the third
term on the RHS of the Lagrangean, takes into account interaction
between cosmic photon-torsion plasma and primordial magnetic
ﬁeld. The object  is the Levi-Civita totally skew tensor and Rμνρσ
is the Riemann–Cartan curvature tensor where solely torsion terms
are taken into account due to the Minkowski spacetime assump-
tion. Let us now compute the Euler–Lagrange equation w.r.t. the
magnetic vector potential Aμ
∂μ
∂L
∂(∂μAν)
− ∂L
∂ Aν
= 0 (2)
Since in this linear electrodynamics the curvature does not depend
upon the e.m. ﬁeld, this Euler–Lagrangean equation yields the gen-
eralised electromagnetic equations as
DμF
μν + 1
m2
Dμ
[
4Rμνρσ F
ρσ
]= 0 (3)
where we use Dμ = ∂μ + Tμ and Tμ is the torsion vector. Up to
linear terms on torsion, the expansion of this equation yields
∂μF
μ
ν + TμFμν + 4
m2
Dμ[Rμνρσ ]Fρσ
+ 4
m2
Rμνρσ ∂[μFρσ ] = Jν (4)
By making use of 2nd Bianchi identity [20]
DμRμνρσ = 0 (5)and the other set of Maxwell’s generalised equations
∂[μFρσ ] = 0 (6)
reduces expression (4) to
∂μF
μ
ν + TμFμν = Jν (7)
these new Maxwell’s equations coupled with torsion, in 3-vector
notation yields
∂tB = ∇ × E (8)
∂tE+ ∇ × B = J− T× B (9)
∇.B = 0 (10)
∇.E+ T.E = ρ (11)
This last equation shows that when torsion vector is orthogonal
to the electric vector the last equation reduces to the Coulomb
equation
∇.E = ρ (12)
is recovered. Here of course, ρ is the electric charge density. By
considering the electric vector current J given by
J = σ [E+ v× B] (13)
yields
∇ × ∇ × B = ∇ × J− ∇ × [T× B] (14)
where σ is the electric conductivity, and its inverse η is the cosmic
plasma resistivity or diffusion. Simple algebraic manipulations of
these equations yield the MHD dynamo equation
∂tB− ∇ × [v× B] − η
[
	B− ∇ × [T× B]]= 0 (15)
This expression keeps some resemblance with the analogous gen-
eral relativistic one in MHD derived by Marklund and Clark-
son [16]. In their expression the expressions under the brackets
involve the Ricci scalar of the Riemannian spacetime, while ours
involve only the torsion vector. In the next section one shall use
this dynamo equation in torsion spacetime background, to show
through the particular dynamo example that the Zeldovich anti-
dynamo theorem which states that in ﬂat two-dimensional space-
time there is no dynamo action is so to speak violated here due to
the presence of torsion.
3. Anti-dynamo theorem in torsion background
Since to prove that a theorem is violated an example is enough
one shall present here a most simple example in two-dimensional
Cartesian coordinates. First of all we notice that from the dynamo
equation above in torsion background spacetime, torsion only af-
fects the results in the non-conducting phases of the universe such
as in galaxies for example. Two interesting particular cases which
reduce the dynamo equation with torsion to the Minkowskian one
are, ﬁrst when the torsion vector is parallel to the magnetic vec-
tor ﬁeld. The second is when ∇ × (T × B) vanishes. This shows
that possible solutions of the dynamo torsionic equation is given
by
∇Ψ = T× B (16)
which yields
∇Ψ.T = 0 (17)
∇Ψ.B = 0 (18)
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the ﬁrst case both last equations degenerate. Let us now consider
the algebraic vector expression
∇ × [T× B] = (B.∇)T− (T.∇)B+ (∇.B)T− (∇.T)B (19)
This algebraic vector identity shall strongly simplify the dynamo
equation above if one notes that divB vanishes (no magnetic
monopoles) and the following assumptions that the ﬁrst two terms
on the RHS of the last expression vanish as well. This reduces the
last expression to
∇ × [T× B] = −(∇.T)B (20)
which upon substitution on the dynamo equation of last section
yields
∂tB− ∇ × [v× B] − η
[
	B+ (∇.T)B]= 0 (21)
Therefore to prove violation of anti-dynamo theorem, let us con-
sider that all the diffusion term inside the brackets vanishes or
	B+ (∇.T)B = 0 (22)
and
∂tB− ∇ × [v× B] = 0 (23)
which decouples the system. By considering that the divergence of
torsion term is constant simple dynamo solutions. The equations
explicitly are
∂2x Bx + (∇.T)Bx = 0 (24)
and analogous equations in the y-coordinate. Thus the solution
for Bx is
Bx(x, t) = B0 exp
(
γ t + i√(∇.T)x) (25)
which shows that while the torsion ﬁeld does not contribute to
dynamo ampliﬁcation the ampliﬁcation exists and dynamo in 2D
with torsion exists violating Zeldovich equation. Here γ is the
well-known [21] growth factor.
4. Suppression of magnetic ﬁelds and galactic dynamo seeds in
torsion backgrounds
In this section we shall deal with two important problems in
dynamo theory: In the ﬁrst we shall discuss the suppression of
dynamo action in torsion background and the other is to computa-
tion of fast decay of magnetic ﬁeld in torsion backgrounds without
inﬂation. To start this section let us consider the ratio between the
ﬁnal and initial magnetic ﬁeld value as
B f
Bi
= exp[γ (t f − ti)] (26)
thus one notices that as far as this model is concerned suppres-
sion of dynamo action does not depend upon torsion. Now let us
ﬁnally compute the main result of the Letter which shows that
the decaying time of the magnetic ﬁeld due to torsion is too short
in order that the galactic dynamo has time to take place on the
seed magnetic ﬁeld. With this purpose let us follow Widrow [2]
and compute the diffusion time scale τd = Bη∇2B ∼ L
2
ηω2t2
, which
taking into account the galactic discs with η ≈ 1026 cm2 s−1, co-
herence length of L ∼ 3kpc and vorticity ω ∼ 10−15 s−1, yields
the decay time t ∼ τd ∼ 108 yrs, which is much shorter than the
age of a galaxy. Now in torsion case analogously we may use the
second term in the above dynamo equation inside the brackets to
compute the diffusion scale in torsion case as τd = B ∼ L ,η∇T B ηTwhich by using the torsion value estimated by Laemmerzahl [22]
as T ∼ 10−17 cm−1, one obtains τd ∼ 106 yrs which is still much
shorter than the decay time obtained in 3D dynamos. Therefore
we have succeeded in proving that though the dynamo mecha-
nism may have some inﬂuence of torsion this is not enough to
seed galactic magnetic ﬁelds. But of course torsion can be used in
exotic physics to obtain primordial magnetic ﬁelds.
5. Discussion and conclusions
From several theories used to investigate the existence of pri-
mordial magnetic ﬁelds and the generation of cosmological mag-
netic ﬁelds in the universe, we have investigated in detailed the
Cartan torsion ones. In this exotic theory with parity violation,
we found that the inﬂuence of torsion or torsion effects are not
enough to seed galactic dynamos. Of course this is not a moti-
vation to give up this line of research since inﬂationary or pre-
heating phases of the universe has not been taken into account.
Thus it might be possible that introduction of inﬂation or preheat-
ing may slow down the magnetic ﬁeld enough for the dynamo
action takes place and seed galactic dynamos. Recently Barrow
and Tsagas [23] have also shown that the magnetic ﬁelds can be
slowed down during expansion of the universe. This gives much
support for believing that by considering inﬂationary models in
Einstein–Cartan theory with magnetic ﬁelds one may be able to
obtain slower decays of primordial magnetic ﬁelds that could be
then seed galactic dynamos. Besides as Zeldovich [18] has shown
the stretching or expansion of the universe is an important part of
stretch-twist and fold dynamo mechanism used to amplify mag-
netic ﬁelds. Actually the reason why the Garcia–Sivaram massive
electrodynamics endowed with torsion, is able to generate galac-
tic dynamo seeds, is because there, expansion of the universe is
considered along with magnetic ﬂux conservation. It might be
that ﬁne adjustment of the coupling constants of the above La-
grangean may result in an improvement in the above diffusion
time and that galactic dynamo seeds may be attainable in this the-
ory [24].
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